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The Relevance of Deposits in the Banking Activity
Non-maturing deposits represent a significant source of funding for a financial
institution. Yet, there is still no commonly accepted framework for valuation
and for interest rate and liquidity risk management.
Such a framework is needed even more in the current environment:
non-maturing deposits are a low-cost source of funding, compared with
other sources, so that in a funding-mix they contribute to abate the total
cost of funding;
the interest rate and the liquidity risks have to be properly identified,
measured and hedged, in order to make possible the insertion of the
deposits volumes in the funding management;
liquidity crisis have to be modelled, allowing for stress-testing activity
involving both idiosyncratic and market specific extreme scenarios.
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The Relevance of Deposits in the Banking Activity
A renewed attention to the modelling of non-maturing liabilities has arisen
after the publication of a consultative document [13] by the Basel
Committee, of the new standards [14] on the measurement and the
management of the IRRBB.
Supervisor may also run stress-test exercises specifically designed for the
interest rate risk of the banking book, with a strong attention on the
modelling assumptions and the results related to the behavioural models.
For these reasons, we design a robust, unified, and forward-looking
framework that can be used as a benchmark to assess the liquidity risk,
interest rate exposure, and the profitability of sight deposits.
The framework can be calibrated by the Supervisor to available system
data: in this work we will be focussing our attention on public data on
sight deposit available from Banca d’Italia for the Italian banking system.
Similar calibration can be performed for other countries.
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Aim of the Analysis
We will assess:
the expected profitability of the sight deposit accounts through the
computation of the Economic Value;
we will calculate the Duration of the deposits’ volume, a measure
related to interest rate risk;
we will compute the Weighted Average Life and the Term Structure
of Liquidity, at several percentile levels, as measures of the liquidity
risk useful to assess the stability of the deposits’ volume;
we will run some stress exercises to measure the sensitivity of the
above metrics to different interest rate environments.
All these metrics will be defined in a way consistent with their use as a
benchmarking tool.
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Our Model
The main idea of the framework we present, is that the deposits’ volume
and interest rates depend on stochastic risk factors.
The dependencies are estimated by standard econometric techniques.
These dependencies can be used to simulate the future evolution of the
deposits so as to compute a range of metrics and measures for risk
management purposes and for profitability monitoring.
The approach is not very different, in spirit, from the one adopted in some
other studies. For a very short and incomplete list, we mention the works
by Jarrow and Van Deventer [10], Kalkbrener and Willing [11],
Dewachter, Lyrio and Maes [8], Nystrom [12] and Blochlinger [2]. For a
more general overview, see also Castagna and Fede, chapter 9, [5].
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The approach is made of four building blocks: the first two blocks are market
driven stochastic risk factors, and the last two blocks are the variables directly
we wish to analyse. More specifically, in the implementation of the framework,
we have:
the market interest rates;
the creditworthiness of the average Italian bank, for which we use a 5Y
CDS (credit default swap) index as a proxy (see below for the details);
the deposits’ interest rates;
the deposits’ volume;
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Figure: The Stochastic (Risk) Factor approach framework.
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The Commonly Adopted Approach
The approach we present is rather different from the approach typically
followed within banks, which is also implicitly alluded to by the new Basel
documents on IRBBB ([13] and [14]) (the Basel standard approach).
The dynamics for the deposit volume is exogenously superimposed (e.g.: a
Geometric Brownian Motion), without any dependence on the market and
the deposit interest rates: for this dynamics, often after removing the
drift, the volatility parameter is historically estimated.
Given the volatility of the time series, the deposit volume at the reference
date is separated in
a volatile component, kept in a liquidity buffer;
a stable component, divided in a non-core component, allocated in a
rolling short-term investment, and a core component invested in a
portfolio of medium-long term bonds, based on the amortisation
profile derived by a stressed profile of the deposit volume’s dynamics
The core and non-core components are determined according to the
sensitivity of the deposit interest rate to the market interest rate.
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The Commonly Adopted Approach
Figure: The Basel Standard approach framework.
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Why Our Approach is More Appealing
The SF models in a unified fashion both the liquidity and the interest rate
risks: all the dynamics of deposits’ volume and interest rate depend on
common risk factors, so they are both consistently affected by those.
The future distribution of the deposit’s volume is used to determine the
stable and volatile components, and the subsequent split of the former
into the core/non-core parts, without the artificial link to the dependency
of the deposit rates on market rates.
The entire future distribution of volumes depends on the initial state of
the risk factors: this does not happen in the standard approach.
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The relevant market interest rate for our models is a short-term risk-free rate:
the 1M (one-month) Eonia swap rate as a good proxy. We choose to model the
dynamics of the market interest rate with two alternative well known extended
short-rate models, so as to capture the risks related to the current environment
with negative rates.
CIR++ Model: an extension of the CIR dynamics introduced by Cox,
Ingersoll and Ross [6], denoted as CIR ++, which is due to Brigo and
Mercurio [4]:
rt = ψt + xt , (1)
dxt = κx(θx − xt)dt + σx√xtdW xt (2)
The deterministic function ψt can be calibrated to the zero rate curve on
the reference date t0, so as to make the model perfectly fitted to the
market quoted rates.
Zero-coupon bond price with maturity time T are available in closed-form
formula.
The CIR process x(t) has a lower reflecting barrier at 0: negative rates
can be produced only by the deterministic function ψt. Negative rates are
strongly limited.
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Extended Vasiceck model [15] (see Brigo and Mercurio [4] for a detailed
discussion):the dynamics of the instantaneous risk-free rate rt is given by:
rt = ψt + xt , (3)
dxt = κx(θx − xt)dt + σxdW xt (4)
Zero-coupon bond price with maturity time T are available in closed-form
formula.
Negative rates are possible at larger levels.
Regardless of the model the simply compounded Eonia swap rate
R(ti−1, ti ) for a maturity time ∆t, (=
30
365
= 1 month) valued at time ti :
R(ti−1, ti ) ≡ R(ti ) =
(
1
E[D(ti−1, ti )] − 1
)
1
∆t
(5)
where D(s, t) = exp(− ∫ t
s
rudu) = P(s, t) represents the discount factor
up to time t.
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For the CDS index we choose not to use a credit model to evaluate
derivative contracts, but to directly model the spread with a standard CIR
dynamics:
dSt = κS(θS − St)dt + σS
√
StW
S
t (6)
where κS , θS and σS are the parameters of the model and W
S
t is the
Wiener process.
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As a tool of the pricing policy of the banks, the deposits’ interest rate is a
driving factor that affects the evolution of deposits’ volume through time.
An increase of the deposit rate is an incentive for existing depositors
not to withdraw from their accounts or to increase the amount
deposited.
On the other hand, the deposits’ rates will depend on the general level of
the market interest rates and on the perceived creditworthiness of the
bank:
in both cases, higher values of the risk factors tend to increase the
level of the interests paid on deposits.
The deposit volume is assumed to be dependent on the two risk factors
and on the deposit rate.
The lower the market interest rates, the higher the depositors’
propensity to keep cash and high-liquidity assets, such as sigh
deposits: negative relation.
deposits’ interest rates can counterbalance market rates: the higher
they are, the more depositors are encouraged to keep their wealth in
deposits.
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Depositors are expected to withdraw from their deposits as the risk
of the bank’s default increases. We proxy this risk with the Credit
Default Swap premium quoted in the market.
The effect of the risk factors is determined by means of the Bayesian
Average of Classic Estimates (BACE) methodology, used also by the ECB
in building benchmark models, see [7] and [9].
The BACE approach allows to skip the model selection process:
we cannot know which is the correct model specification with
certainty;
we can simply estimate every model generated by the combinations
of a given set of explanatory variables, and we assign to each
regression equation a weight that reflects their relative predictive
performance,
the result is a final equation that includes all the regressors with a
weighted coefficient
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In summary, we have to follow four steps:
1 Identify K explanatory variables;
2 Define the number of lags q for each explanatory variable that can
possibly enter into a regression equation, determining the total number of
regressors K × q;
3 Select all the possible combinations based in the maximum number L of
variables that can enter in a regression equation;
4 Estimate a classical linear regression for each combination, evaluate its
soundness and include it with a proper weight in the final model
Each model in step 4 is evaluated according to its robustness and the
conformity of the sign of the regressors’ coefficient with the expected ones.
If the tests on residuals cannot exclude that they are autocorrelated, then the
equation is re-estimated by allowing for an AR(1) on the errors.
If the model is accepted, then it will be weighted with a Bayesian rule.
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The model space is given by all possible combinations of regressors from
the set of K × q variables, with the dimension of each model set at a
predefined number of regressors L ≤ K × q.
When all combinations of variables in the model with L regressors are
considered, the total number of possible models J can be computed as:
J =
L∑
l=1
(K × q)!
l!(K × q − l)! (7)
The final model equation for the deposit interest rate is given by:
I (ti−1, ti ) = I (ti ) = α+
K∑
k=1
[
(βk0X
k(ti ) + ...+ β
k
qX
k(ti−q))
]
+ ηIt (8)
where I (ti−1, ti ) is the deposit interest rate for the period [ti−1, ti ] and
ηIt = ρη
I
t−1 + ǫ
I
t , so that we allow the error term to be autoregressive of
order 1.
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We have four main explanatory variables: the market interest rate, the
QoQ variation of market interest rate, the CDS index, and the variation of
the CDS index.
For each of the four variables, we calculate the moving average for one,
two and four quarters. This means we have K = 12 explanatory variables.
Each of them can enter in a model equation with lag 0, 1 and 2 quarters,
which means we have q = 3 lags. Therefore, we can identify four groups
of 9 variables each for a total number of regressors of 12× 3 = 36.
Each model equation is allowed to have L = 4 regressors, chosen from the
total of 36 regressors, which means, from formula (7), that we have
66, 711 possible combinations, or model equations.
To curb this number, we force each model equation to have only one
variable taken from each of the four groups, which cuts downs the number
of possible models to 9, 999.
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Expected
Group Regressor Label Description Sign
1 Market Rate
X1t 1 quarter Mov. Avg. of Eonia 1M +
X1t−1 1 quarter Mov. Avg. of Eonia 1M, Lag 1 Quarter +
X1t−2 1 quarter Mov. Avg. of Eonia 1M, Lag 2 Quarters +
X2t 2 quarters Mov. Avg. of Eonia 1M +
X2t−1 2 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter +
X2t−2 2 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters +
X3t 4 quarters Mov. Avg. of Eonia 1M +
X3t−1 4 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter +
X3t−2 4 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters +
2 ∆ Market Rate
X4t Absolute Variation QoQ of 1 quarter Mov. Avg. of Eonia 1M +
X4t−1 Absolute Variation QoQ of 1 quarter Mov. Avg. of Eonia 1M, Lag 1 Quarter +
X4t−2 Absolute Variation QoQ of 1 quarter Mov. Avg. of Eonia 1M, Lag 2 Quarters +
X5t Absolute Variation QoQ of 2 quarters Mov. Avg. of Eonia 1M +
X5t−1 Absolute Variation QoQ of 2 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter +
X5t−2 Absolute Variation QoQ of 2 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters +
X6t Absolute Variation QoQ of 4 quarters Mov. Avg. of Eonia 1M +
X6t−1 Absolute Variation QoQ of 4 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter +
X6t−2 Absolute Variation QoQ of 4 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters +
Table: Regressors used for the deposit rate model and the expected sign they
should have in each model equation.
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Expected
Group Regressor Label Description Sign
3 CDS Index
X7t 1 quarter Mov. Avg. of CDS when higher than 300 bps +
X7t−1 1 quarter Mov. Avg. of CDS when higher than 300 bps, Lag 1 Quarter +
X7t−2 1 quarter Mov. Avg. of CDS when higher than 300 bps, Lag 2 Quarters +
X8t 2 quarters Mov. Avg. of CDS +
X8t−1 2 quarters Mov. Avg. of CDS, Lag 1 Quarter +
X8t−2 2 quarters Mov. Avg. of CDS, Lag 2 Quarters +
X9t 4 quarters Mov. Avg. of CDS +
X9t−1 4 quarters Mov. Avg. of CDS, Lag 1 Quarter +
X9t−2 4 quarters Mov. Avg. of CDS, Lag 2 Quarters +
4 ∆ CDS Index
X1t 0 Absolute Variation QoQ of 1 quarter Mov. Avg. of CDS +
X10t−1 Absolute Variation QoQ of 1 quarter Mov. Avg. of CDS, Lag 1 Quarter +
X10t−2 Absolute Variation QoQ of 1 quarter Mov. Avg. of CDS, Lag 2 Quarters +
X11t Absolute Variation QoQ of 2 quarters Mov. Avg. of CDS +
X11t−1 Absolute Variation QoQ of 2 quarters Mov. Avg. of CDS, Lag 1 Quarter +
X11t−2 Absolute Variation QoQ of 2 quarters Mov. Avg. of CDS, Lag 2 Quarters +
X12t Absolute Variation QoQ of 4 quarters Mov. Avg. of CDS +
X12t−1 Absolute Variation QoQ of 4 quarters Mov. Avg. of CDS, Lag 1 Quarter +
X12t−2 Absolute Variation QoQ of 4 quarters Mov. Avg. of CDS, Lag 2 Quarters +
Table: Regressors used for the deposit rate model and the expected sign they
should have in each model equation.
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The deposit volume at time ti , D(ti), is defined as a function of the same
explanatory variables as for the deposit interest rate, to which we add the
deposit rate itself and the spread between the deposit and the market
rates:
∆ ln(D(ti )) = α+
4∑
i=1
γi1{Qui = 1}+
K∑
k=1
[
(βk0X
k(ti )+...+β
k
qX
k(ti−q))
]
+ηDt
(9)
where ηDt = ρη
D
t−1 + ǫ
D
t , and Qui is the i-th quarter.
There are 8 explanatory variables. For each of them, we calculate the
moving average for 1, 2 and 4 quarters.
So K = 24 variables can enter an equation with lag 0, 1 and 2 quarters:
q = 3 lags;
We have 4 groups, 2 of which containing 27 variables and the other two
containing 9 variables each for a total number of regressors of 24×3 = 72.
We set the number of variables included in each model to L = 4 for
1, 091, 058 possible combinations. We reduce this number by forcing each
model to have only one variable from each of the six group, for a total
number of combinations equal to 78, 399.
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Group Regressor Label Description Sign
1
Market Rate
X1t 1 quarter Mov. Avg. of Eonia 1M -
X1t−1 1 quarter Mov. Avg. of Eonia 1M, Lag 1 Quarter -
X1t−2 1 quarter Mov. Avg. of Eonia 1M, Lag 2 Quarters -
X2t 2 quarters Mov. Avg. of Eonia 1M -
X2t−1 2 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter -
X2t−2 2 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters -
X3t 4 quarters Mov. Avg. of Eonia 1M -
X3t−1 4 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter -
X3t−2 4 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters -
Deposit Rate
X4t 1 quarter Mov. Avg. of Deposit Rate +
X4t−1 1 quarter Mov. Avg. of Deposit Rate, Lag 1 Quarter +
X4t−2 1 quarter Mov. Avg. of Deposit Rate, Lag 2 Quarters +
X5t 2 quarters Mov. Avg. of Deposit Rate +
X5t−1 2 quarters Mov. Avg. of Deposit Rate, Lag 1 Quarter +
X5t−2 2 quarters Mov. Avg. of Deposit Rate, Lag 2 Quarters +
X6t 4 quarters Mov. Avg. of Deposit Rate +
X6t−1 4 quarters Mov. Avg. of Deposit Rate, Lag 1 Quarter +
X6t−2 4 quarters Mov. Avg. of Deposit Rate, Lag 2 Quarters +
Spread
X7t 1 quarter Mov. Avg. of Spread (Eonia 1M-Dep. Rate) -
X7t−1 1 quarter Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 1 Quarter -
X7t−2 1 quarter Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 2 Quarters -
X8t 2 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate) -
X8t−1 2 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 1 Quarter -
X8t−2 2 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 2 Quarters -
X9t 4 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate) -
X9t−1 4 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 1 Quarter -
X9t−2 4 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 2 Quarters -Antonio Castagna Iason 2017 - All rights reserved
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Group Regressor Label Description
2
∆ Market Rate
X10t Absolute Variation QoQ of 1 quarter Mov. Avg. of Eonia 1M
X10t−1 Absolute Variation QoQ of 1 quarter Mov. Avg. of Eonia 1M, Lag 1 Quarter
X10t−2 Absolute Variation QoQ of 1 quarter Mov. Avg. of Eonia 1M, Lag 2 Quarters
X11t Absolute Variation QoQ of 2 quarters Mov. Avg. of Eonia 1M
X11t−1 Absolute Variation QoQ of 2 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter
X11t−2 Absolute Variation QoQ of 2 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters
X12t Absolute Variation QoQ of 4 quarters Mov. Avg. of Eonia 1M
X12t−1 Absolute Variation QoQ of 4 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter
X12t−2 Absolute Variation QoQ of 4 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters
∆ Deposit Rate
X13t Absolute Variation QoQ of 1 quarter Mov. Avg. of Deposit Rate
X13t−1 Absolute Variation QoQ of 1 quarter Mov. Avg. of Deposit Rate, Lag 1 Quarter
X13t−2 Absolute Variation QoQ of 1 quarter Mov. Avg. of Deposit Rate, Lag 2 Quarters
X14t Absolute Variation QoQ of 2 quarters Mov. Avg. of Deposit Rate
X14t−1 Absolute Variation QoQ of 2 quarters Mov. Avg. of Deposit Rate, Lag 1 Quarter
X14t−2 Absolute Variation QoQ of 2 quarters Mov. Avg. of Deposit Rate, Lag 2 Quarters
X15t Absolute Variation QoQ of 4 quarters Mov. Avg. of Deposit Rate
X15t−1 Absolute Variation QoQ of 4 quarters Mov. Avg. of Deposit Rate, Lag 1 Quarter
X15t−2 Absolute Variation QoQ of 4 quarters Mov. Avg. of Deposit Rate, Lag 2 Quarters
∆ Spread
X16t Absolute Variation QoQ of 1 quarter Mov. Avg. of Spread (Eonia 1M-Dep. Rate)
X16t−1 Absolute Variation QoQ of 1 quarter Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 1 Quarter
X16t−2 Absolute Variation QoQ of 1 quarter Mov. Avg. of Spread (Eonia 1M-Dep.Rate), Lag 2 Quarters
X17t Absolute Variation QoQ of 2 quarters Mov. Avg. of Spread (Eonia 1M-Dep.Rate)
X17t−1 Absolute Variation QoQ of 2 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 1 Quarter
X17t−2 Absolute Variation QoQ of 2 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 2 Quarters
X18t Absolute Variation QoQ of 4 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate)
X18t−1 Absolute Variation QoQ of 4 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 1 Quarter
X18 Absolute Variation QoQ of 4 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 2 Quarters
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3 CDS Index
X19t 1 quarter Mov. Avg. of CDS when higher than 300 bps -
X19t−1 1 quarter Mov. Avg. of CDS when higher than 300 bps, Lag 1 Quarter -
X19t−2 1 quarter Mov. Avg. of CDS when higher than 300 bps, Lag 2 Quarters -
X20t 2 quarters Mov. Avg. of CDS -
X20t−1 2 quarters Mov. Avg. of CDS, Lag 1 Quarter -
X20t−2 2 quarters Mov. Avg. of CDS, Lag 2 Quarters -
X21t 4 quarters Mov. Avg. of CDS -
X21t−1 4 quarters Mov. Avg. of CDS, Lag 1 Quarter -
X21t−2 4 quarters Mov. Avg. of CDS, Lag 2 Quarters -
4 ∆ CDS Index
X22t Absolute Variation QoQ of 1 quarter Mov. Avg. of CDS -
X22t−1 Absolute Variation QoQ of 1 quarter Mov. Avg. of CDS, Lag 1 Quarter -
X22t−2 Absolute Variation QoQ of 1 quarter Mov. Avg. of CDS, Lag 2 Quarters -
X23t Absolute Variation QoQ of 2 quarters Mov. Avg. of CDS -
X23t−1 Absolute Variation QoQ of 2 quarters Mov. Avg. of CDS, Lag 1 Quarter -
X23t−2 Absolute Variation QoQ of 2 quarters Mov. Avg. of CDS, Lag 2 Quarters -
X24t Absolute Variation QoQ of 4 quarters Mov. Avg. of CDS -
X24t−1 Absolute Variation QoQ of 4 quarters Mov. Avg. of CDS, Lag 1 Quarter -
X24t−2 Absolute Variation QoQ of 4 quarters Mov. Avg. of CDS, Lag 2 Quarters -
Table: Regressors used for the deposit volume model and the expected sign
they should have in each model equation.
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The Data Set: Interest Rates
The short rate models (CIR++ and Extended Vasicek) are calibrated to
the time series of Eonia swap rates sampled monthly from 29/02/2008 to
31/12/2016.
For each month we have a term structure of Eonia swap rates retrieved
from Bloomberg, made of the following maturities: all months from 1 to
11, all years from 1 to 12, then 15 and 20 years.
The market curve of the zero rates implied in the Eonia swap rates is for
the reference rate (i.e.: the last date of the calibration period,
31/12/2016) is below:
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To measure the market perceived credit risk, we build an index as a proxy
for a hypothetical CDS of the Italian banking industry.
We compute a quarterly weighted average of the CDS of the major Italian
banks, where the weights are proportional to the sight deposits volumes in
each bank’s balance sheet.
We collected from Bloomberg daily data, from 1/1/2005 to 31/12/2016,
and we computed a quarterly average for each bank. Then we computed
the quarterly average for the banking industry.
BPIIM CDS EUR SR 5Y D14 MSG1 Corp for Banco Popolare
LAVORO CDS EUR SR 5Y D14 MSG1 Corp for BNL
PMIIM CDS EUR SR 5Y D14 MSG1 Corp for BPM
ISPIM SPA CDS EUR SR 5Y D14 MSG1 Corp for Intesa Sanpaolo
BACRED CDS EUR SR 5Y D14 MSG1 Corp for Mediobanca
UBIIM CDS EUR SR 5Y D14 MSG1 Corp for UBI
UCGIM CDS EUR SR 5Y D14 MSG1 Corp for Unicredit
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The Data Set: CDS Index
In the figure we show the plot of the CDS quarterly time series for each
bank and the CDS index for the system.
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The Data Set: Deposits’ Volume and Rates
For the deposits’ volume and the deposits’ interest rate, the source of the
data is the Statistical Database of Banca d’Italia
(https://www.bancaditalia.it/statistiche/basi-dati/bds/index.html)
The database contains quarterly data for deposits volumes and rates for
two categories of depositors (retails and corporates), clustered for the
amount deposited, and segmented for geographical areas, from regional
departments down to single main cities.
The fine granularity of data allows for a focussed calibration of the
framework so that it can be used by the Supervisors to create robust
benchmarks to assess the riskiness of sight deposits even of relatively
small banks, or banks that work in specific geographical areas.
In this work, as an example of possible calibration and use of the
framework, we focus on data at country level (i.e.: the entire Italian
economy).
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We allocate the available data into 8 clusters, made of two types of
depositors, each one subdivided in four ranges of deposit amount, as
follows:
Non financial corporations and producer households (NFC&PH),
up to 10.000 Euros;
from 10.000 Euros to 50.000 Euros;
from 50.000 Euros to 250.000 Euros;
more than 250.000 Euros.
Consumer households, non profit institutions (NPIS) serving
households and unclassifiable units (CH,NSH&UI),
up to 10.000 Euros;
from 10.000 Euros to 50.000 Euros;
from 50.000 Euros to 250.000 Euros;
more than 250.000 Euros.
Antonio Castagna Iason 2017 - All rights reserved
Overview of the Approach
A Practical Application
Calibration of the Framework
Risk Metrics
The Data Set: Deposits’ Volume and Rates
(a) Deposit volumes for
NFC&PH (in billions of Euros).
(b) Deposit volumes for
CH,NSH&UI (in billions of Euros).
(c) Deposit interest rate for
NFC&PH.
(d) Deposit interest rate for
CH,NSH&UI.
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Results: Risk Factors
The CIR ++ and the extended Vasicek models for the short rate are calibrated
by a procedure in two steps:
the parameters κx , θx and σx relative to the stochastic part xt of either
CIR ++ and the extended Vasicek model, have been estimated by means
of a Kalman filter calibration and the starting point r(t0) is set equal to
the last value of the time series for the shortest maturity rate (O/N), (in
case of CIR ++ this occurs if the rate is positive, otherwise it is set equal
to 0.01%).
the function ψt is determined by imposing an exact fit of the CIR ++
model to the discount factors derived from Eonia swap rates’ term
structure on the last date of the calibration time series (end December
2016).
For the CDS index, the CIR dynamics is calibrated to the time series of
the index by a procedure suggested by Brigo et al.Brigo et al. [3].
Market Rate
CIR++ Vasicek CDS Index
κ 0.030885 0.019720 0.165479
θ 0.046416 0.096114 0.025289
σ 0.053545 0.009691 0.072165
Table: Calibrated parameters for the market risk factors.
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Results: Deposits’ Interest Rates and Volume
Equations for deposits’ rates and volumes and (9) have been estimated
and the number of variables entering the final regression model has been
limited to those whose inclusion posterior probability is greater than
0.01%.
Also noteworthy is that we add the coefficient ρ of the AR(1) on residuals:
some regressions do not pass the test on independently distributed
residuals, so we need to modify the equation by adding the AR(1) process.
Additionally, for the deposits’ volume models, we have 4 dummy variables
for the quarters.
The models are generally quite good in their fitting capability and
statistically robust.
Antonio Castagna Iason 2017 - All rights reserved
Overview of the Approach
A Practical Application
Calibration of the Framework
Risk Metrics
Simulations
Once the dynamics for risk factors and for deposits’ interest rate and
volume are estimated, we can run simulations for the evolution of each
factor. The standard approach requires to generate a number of simulated
paths for the factors by means of the estimated dynamics, following these
steps:
compute m = 12, 288 paths for the market rate 1M Eonia and for
the CDS index, according to the CIR++ or Extended Vasicek model
and the CIR model respectively;
compute the value for the two risk factors at each time step (1
month) with time horizon equals to the cut-off of 10 years, hence T
= 120 months;
compute the corresponding paths for the deposits’ interest rates and
volumes, according to estimated regressions for each cluster of
depositors;
The distribution at each time step, derived through the simulation, are
used to calculate the metrics that are discussed below.
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Deposits’ Interest Rates
(a) More than 250.000 Euros.
CIR++
(b) More than 250.000 Euros.
Ext. Vasicek.
(c) From 50.000 to 250.000
Euros. CIR++
(d) From 50.000 to 250.000
Euros. Ext. Vasicek.
Figure: Non financial corporations and producer households.
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Deposits’ Interest Rates
(a) From 10.000 to 50.000 Euros.
CIR++
(b) From 10.000 to 50.000 Euros.
Ext. Vasicek.
(c) Up to 10.000 Euros. CIR++
(d) Up to 10.000 Euros. Ext.
Vasicek.
Figure: Non financial corporations and producer households.
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Deposits’ Volume
(a) More than 250.000 Euros.
CIR++
(b) More than 250.000 Euros.
Ext. Vasicek.
(c) From 50.000 to 250.000
Euros. CIR++
(d) From 50.000 to 250.000
Euros. Ext. Vasicek.
Figure: Non financial corporations and producer households.
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Deposits’ Volume
(a) From 10.000 to 50.000 Euros.
CIR++
(b) From 10.000 to 50.000 Euros.
Ext. Vasicek.
(c) Up to 10.000 Euros. CIR++
(d) Up to 10.000 Euros. Ext.
Vasicek.
Figure: Non financial corporations and producer households.
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Deposits’ Interest Rates
(a) More than 250.000 Euros.
CIR++
(b) More than 250.000 Euros.
Ext. Vasicek.
(c) From 50.000 to 250.000
Euros. CIR++
(d) From 50.000 to 250.000
Euros. Ext. Vasicek.
Figure: Consumer households, NPIS serving households and unclassifiable units.
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Deposits’ Interest Rates
(a) From 10.000 to 50.000 Euros.
CIR++
(b) From 10.000 to 50.000 Euros.
Ext. Vasicek.
(c) Up to 10.000 Euros. CIR++
(d) Up to 10.000 Euros. Ext.
Vasicek.
Figure: Consumer households, NPIS serving households and unclassifiable units.
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Deposits’ Volume
(a) More than 250.000 Euros.
CIR++
(b) More than 250.000 Euros.
Ext. Vasicek.
(c) From 50.000 to 250.000
Euros. CIR++
(d) From 50.000 to 250.000
Euros. Ext. Vasicek.
Figure: Consumer households, NPIS serving households and unclassifiable units.
Antonio Castagna Iason 2017 - All rights reserved
Overview of the Approach
A Practical Application
Calibration of the Framework
Risk Metrics
Deposits’ Volume
(a) From 10.000 to 50.000 Euros.
CIR++
(b) From 10.000 to 50.000 Euros.
Ext. Vasicek.
(c) Up to 10.000 Euros. CIR++
(d) Up to 10.000 Euros. Ext.
Vasicek.
Figure: Consumer households, NPIS serving households and unclassifiable units.
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Economic Value
At time t = 0, considering a time horizon equals to T (=10 years in our
case), the Economic Value to the bank of the sight deposits is defined as
EV(0,T ) =
EQ
[∫ T
t0
D(t0, s)D(s)(R(s)− I (s))ds
]
D(t0)
(10)
where the dynamics for the interest rate Rs are taken under the risk
neutral measure Q, D(t0, s) = exp(−
∫ s
t0
rudu) represents the discount
factor up to time s and Ds is the value of the deposit at time s.
The EV is the expected difference between the market interest rate and
the interest rate paid on the deposits. It can be positive or negative.
It is expressed as a fraction of the initial total deposit amount, so that the
metric can be easily used as a benchmark tool.
Since we are working in discrete time steps the equation (10) becomes:
EV(0,T ) =
EQ
[∑I−1
i=0 D(t0, ti+1)D(ti )(R(ti )− I (ti ))∆t
]
D(t0)
(11)
where ∆t = 1/12 and D(0, ti+1) = exp[−
∑i
j=0 R(tj)∆t ].
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Economic Value
We will also calculate the EV at stressed levels. For ease of comparison
through all the metric, we refer to stressed values of the deposits’ volume,
so we compute the measure of interest by assuming a deterministic term
structure of deposits built on predefined levels of percentiles of the
distribution obtained from the simulation.
Let Dα(ti ) be the amount of the deposits at time ti , corresponding the
the α percentile of the distribution. The α-percentile EV is computed as:
EVα(0,T ) =
EQ
[∑I−1
i=0 D(t0, ti+1)Dα(ti )(R(ti )− I (ti ))∆t
]
D(t0)
(12)
We stress that the difference between equations (11) and (12) lies in that
in the latter the amount of deposits at each ti , Dα(ti ), is a constant. By
means of (12), we are able to assess how the deposits’ volume at stressed
levels affect the economic value.
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Value of the Liability
The value of the liabilityis the expected present value of the sum of all the
cash-flows related to both interest rate payments and variations of the
deposited amount:
LV(0, t) =
EQ
[∑I−1
i=0 D(0, ti+1)[∆D(ti+1)− I (ti )D(ti )∆t]
]
D(t0)
(13)
where ∆D(ti+1) is the variation of the value of the deposit between time
ti and ti+1 and the expectation is still calculated under the risk neutral
measure Q.
The value in (13) is negative since it is the sum of the present value of the
cash outflows for the Bank. In some cases interest rates paid on deposits
can be negative, thus abating the liability.
The LV corresponding to α-percentile of the deposits’ volume distribution
is:
LVα(0,T ) =
EQ
[∑I−1
i=0 D(0, ti+1)[∆Dα(ti+1)− I (ti )Dα(ti )∆t]
]
D(t0)
(14)
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Floor Option on the Deposit Interest Rate
The value of the floor can be determined as the difference of LV without
any constraint on the levels of the deposit rates and lv with their
minimum value set
Floor(0,T ) = LV(0,T )− LVF (0,T ) (15)
where
LV
F (0,T ) =
EQ
[∑I−1
i=0 D(0, ti+1)[∆D(ti+1)−max[0, I (ti )]D(ti )∆t]
]
D(t0)
Since LV(0,T ) ≤ LVF (0,T ) then Floor(0,T ) ≤ 0, meaning that the
option is sold by the Bank and that at best it can be worthless to the
depositor.
The value of the floor corresponding to α-percentile is:
Floorα(0,T ) = LVα(0,T )− LVFα(0,T ) (16)
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The Duration
The Duration of the liability is:
Dur
L = EQ
[∑I−1
i=0 ti+1D(0, ti+1)[∆D(ti+1)− I (ti )D(ti )∆t]∑I−1
i=0 D(0, ti+1)[∆D(ti+1)− I (ti )D(ti )∆t]
]
(17)
where ∆D(ti+1) is the variation of the value of the deposit between time
ti and ti+1.
It serves both as a measure of the expected financial duration of the sight
deposits and as an indicator of the sensitivity to the movement of the
term structure of the market interest rates
The Duration corresponding to α-percentile is:
Dur
L
α
= EQ
[∑I−1
i=0 ti+1D(0, ti+1)[∆Dα(ti+1)− I (ti )Dα(ti )∆t]∑I−1
i=0 D(0, ti+1)[∆Dα(ti+1)− I (ti )Dα(ti )∆t]
]
(18)
Notwithstanding the basic floating-rate-bond feature of the sight deposit
liability, the Duration is not very short, as it would be expected. This is
due mainly to the stochastic notional amount, which could even increase
in some scenarios.
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The Weighted Average Life
The WAL of the deposits is the average time until each unit of currency
in the initial deposit D(t0) is withdrawn by the clients. Hence, in this way,
we calculate the average life of the money in the deposit. The expected
WAL is defined as:
WAL = −EQ
[∑I−1
i=0 ti+1[D(ti+1)− D(ti )]
D(t0)
]
. (19)
where the notation is the same as before.
The WAL corresponding to α-percentile of the deposits’ volume
distribution is defined as:
WALα = −
[∑I−1
i=0 ti+1[Dα(ti+1)− Dα(ti )]
D(t0)
]
. (20)
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Liquidity Risk Management
Given a distribution of the deposits’ volume, we can define the Term
Structure of Liquidity (TSLα) (see [5]): it is a time series of the lowest
volume of deposits, with a given confidence level α, at any given time.
First, define of historical minimum of deposits: on any given scenario we
can evaluate the quantity
M(tI ) = min
t0≤t≤tI
D(t) (21)
For a percentile α of values taken from the simulations, we can calculate
what is the minimum level reached at a given time. This brings us to the
definition of the TSLα:
TSLα(t) =
[M(t)]α
D(t0)
(22)
where M is the minimum as defined in (21), and the expression [·]α
indicates that equation (21) as been computed by considering all the
deposits volumes taken at the α-percentile of the simulations.
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Economic Value
Expected PCT 5% PCT 1% Std Dev
Cluster CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas.
NFC&PH > 250.000 -4.48% -4.65% -3.83% -3.77% -3.36% -3.32% 3.40% 6.51%
NFC&PH 50.000 - 250.000 1.92% -1.73% 0.14% -0.15% -0.38% -0.57% 4.25% 19.51%
NFC&PH 10.000 - 50.000 2.80% 0.38% 0.98% 0.67% 0.34% 0.10% 4.16% 16.85%
NFC&PH < 10.000 2.67% 2.19% 1.87% 1.75% 1.50% 1.38% 4.14% 14.32%
CH,NSH&UI > 250.000 -4.02% -14.63% -2.90% -3.92% -2.44% -3.15% 3.14% 40.30%
CH,NSH&UI 50.000 - 250.000 2.08% -7.02% 0.01% -1.18% -0.50% -1.32% 4.46% 33.89%
CH,NSH&UI 10.000 - 50.000 2.88% 1.62% 1.92% 1.08% 1.49% 0.72% 4.23% 15.94%
CH,NSH&UI < 10.000 2.87% 2.32% 2.42% 1.86% 2.27% 1.73% 3.93% 14.30%
Table: Economic value for clusters of depositors. Expected values, values
corresponding to percentiles of the distribution of deposits’ volume and
absolute volatility.
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Value of the Liability
Expected PCT 5% PCT 1% Std Dev
Cluster CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas.
NFC&PH > 250.000 -104.46% -104.56% -103.82% -103.71% -103.35% -103.27% 3.42% 6.53%
NFC&PH 50.000 - 250.000 -98.06% -101.65% -99.85% -100.11% -100.38% -100.55% 4.27% 19.44%
NFC&PH 10.000 - 50.000 -97.18% -99.55% -99.01% -99.29% -99.65% -99.87% 4.18% 16.82%
NFC&PH < 10.000 Euros -97.32% -97.75% -98.12% -98.20% -98.49% -98.58% 4.16% 14.33%
CH,NSH&UI > 250.000 -104.00% -114.53% -102.89% -103.89% -102.43% -103.13% 3.16% 40.10%
CH,NSH&UI 50.000 - 250.000 -97.90% -106.92% -99.99% -101.14% -100.49% -101.29% 4.48% 33.76%
CH,NSH&UI 10.000 - 50.000 -97.10% -98.32% -98.07% -98.87% -98.50% -99.23% 4.25% 15.95%
CH,NSH&UI < 10.000 Euros -97.12% -97.62% -97.57% -98.09% -97.72% -98.22% 3.94% 14.32%
Table: Value of the liability for clusters of depositors. Expected values, values
corresponding to percentiles of the distribution of deposits’ volume and
absolute volatility.
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Zero Rate Floor
Expected PCT 5% PCT 1% Std Dev
Cluster CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas.
NFC&PH > 250.000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NFC&PH 50.000 - 250.000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NFC&PH 10.000 - 50.000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NFC&PH < 10.000 Euros 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
CH,NSH&UI > 250.000 -0.04% -8.15% -0.02% -1.23% -0.02% -0.90% 0.12% 29.17%
CH,NSH&UI 50.000 - 250.000 -0.08% -4.61% -0.06% -1.07% -0.05% -0.78% 0.12% 13.45%
CH,NSH&UI 10.000 - 50.000 -0.05% -1.14% -0.05% -0.87% -0.05% -0.79% 0.07% 2.06%
CH,NSH&UI < 10.000 Euros -0.04% -0.78% -0.04% -0.58% -0.04% -0.56% 0.05% 1.39%
Table: Zero rate floor sold by the bank for clusters of depositors. Expected
values, values corresponding to percentiles of the distribution of deposits’
volume and absolute volatility.
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Duration
Expected PCT 5% PCT 1% Std Dev
Cluster CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas.
NFC&PH > 250.000 13.15 13.13 9.76 9.66 8.37 8.31 1.93 2.18
NFC&PH 50.000 - 250.000 13.61 13.68 8.26 7.57 6.60 6.07 3.09 4.11
NFC&PH 10.000 - 50.000 11.71 11.73 8.07 7.59 6.76 6.39 2.03 2.61
NFC&PH < 10.000 Euros 10.43 10.42 8.88 8.74 8.20 8.07 0.83 0.93
CH,NSH&UI > 250.000 12.99 13.31 7.02 6.44 5.37 4.93 3.58 4.68
CH,NSH&UI 50.000 - 250.000 14.67 14.51 7.80 7.17 6.00 5.44 3.79 4.52
CH,NSH&UI 10.000 - 50.000 10.99 10.97 9.17 9.14 8.37 8.35 0.93 0.95
CH,NSH&UI < 10.000 Euros 9.67 9.71 8.78 8.80 8.45 8.46 0.49 0.50
Table: Duration for clusters of depositors. Expected values, values
corresponding to percentiles of the distribution of deposits’ volume and
absolute volatility.
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Weighted Average Life
Expected PCT 5% PCT 1% Std Dev
Cluster CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas.
NFC&PH > 250.000 14.43 14.41 10.40 10.27 8.85 8.74 2.19 2.27
NFC&PH 50.000 - 250.000 13.43 13.91 8.13 7.47 6.54 6.01 3.04 4.95
NFC&PH 10.000 - 50.000 11.51 11.70 7.95 7.51 6.69 6.37 1.95 2.83
NFC&PH < 10.000 Euros 10.48 10.49 8.91 8.80 8.21 8.10 0.83 0.92
CH,NSH&UI > 250.000 13.92 15.59 7.15 6.59 5.47 4.99 4.08 8.56
CH,NSH&UI 50.000 - 250.000 15.05 16.00 7.86 7.23 6.02 5.51 4.00 6.95
CH,NSH&UI 10.000 - 50.000 11.21 11.25 9.33 9.35 8.47 8.50 0.95 0.97
CH,NSH&UI < 10.000 Euros 9.76 9.82 8.89 8.93 8.53 8.59 0.49 0.50
Table: Weighted average life for clusters of depositors. Expected values, values
corresponding to percentiles of the distribution of deposits’ volume and
absolute volatility.
Antonio Castagna Iason 2017 - All rights reserved
Overview of the Approach
A Practical Application
Benchmark Metrics
Stress Test Analysis
Term Structure of Liquidity
Expected PCT 5% PCT 1%
Cluster TSL CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas.
NFC&PH > 250.000 1Y 99.94% 99.94% 96.05% 96.02% 94.42% 94.36%
5Y 99.21% 99.17% 93.42% 93.24% 85.40% 84.90%
10Y 98.71% 98.60% 91.38% 90.45% 74.61% 74.07%
NFC&PH 50.000 - 250.000 1Y 100.00% 100.00% 97.74% 97.73% 96.79% 96.78%
5Y 98.54% 97.77% 88.57% 82.11% 70.53% 63.23%
10Y 93.31% 89.21% 53.48% 39.79% 27.35% 19.93%
NFC&PH 10.000 - 50.000 1Y 99.99% 99.99% 98.11% 98.11% 97.36% 97.35%
5Y 97.89% 97.10% 84.31% 79.66% 69.70% 65.39%
10Y 91.18% 87.02% 51.19% 41.06% 30.07% 23.72%
NFC&PH < 10.000 1Y 99.45% 99.40% 96.63% 96.55% 95.17% 94.91%
5Y 97.65% 97.39% 89.83% 89.12% 83.55% 83.30%
10Y 94.72% 93.34% 76.93% 73.01% 64.04% 60.64%
CH,NSH&UI > 250.000 1Y 98.63% 97.84% 91.30% 87.64% 86.18% 81.72%
5Y 94.11% 91.86% 68.47% 61.83% 49.44% 43.82%
10Y 87.85% 84.75% 40.11% 33.79% 19.35% 16.59%
CH,NSH&UI 50.000 - 250.000 1Y 99.61% 99.17% 95.29% 92.40% 91.67% 87.73%
5Y 96.71% 95.40% 76.15% 70.22% 56.18% 49.50%
10Y 91.34% 88.59% 44.92% 36.46% 20.97% 16.81%
CH,NSH&UI 10.000 - 50.000 1Y 98.55% 98.56% 95.58% 95.59% 94.04% 93.98%
5Y 97.26% 97.31% 89.67% 89.75% 82.50% 82.71%
10Y 95.43% 95.50% 79.18% 79.33% 64.17% 64.90%
CH,NSH&UI < 10.000 Euros 1Y 97.54% 97.67% 94.09% 94.24% 92.53% 92.76%
5Y 93.45% 93.93% 86.29% 86.85% 83.25% 83.66%
10Y 89.92% 90.40% 79.91% 80.30% 75.90% 76.14%
Table: Term structure of liquidity for clusters of depositors.
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Term Structure of Liquidity
(a) More than 250.000 Euros.
CIR++
(b) More than 250.000 Euros.
Ext. Vasicek.
(c) From 50.000 to 250.000
Euros. CIR++
(d) From 50.000 to 250.000
Euros. Ext. Vasicek.
Figure: Consumer households, NPIS serving households and unclassifiable units.
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(a) From 10.000 to 50.000 Euros.
CIR++
(b) From 10.000 to 50.000 Euros.
Ext. Vasicek.
(c) Up to 10.000 Euros. CIR++
(d) Up to 10.000 Euros. Ext.
Vasicek.
Figure: Consumer households, NPIS serving households and unclassifiable units.
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Scenarios
we consider four of scenarios that the ECB designed to assess the
sensitivity of European banks to change in the interest rate environment,
see [1] (the scenarios were the same as in the BIS document [14]).
We will operate in the following scenario the same calculations we
operated in the base zero rate curve scenario (i.e.: that of the reference
date 31/12/2016) shown above:
UP: the base zero rate curve is bumped up by 200 bps;
DOWN: the base zero rate curve is bumped up by 200 bps;
FLATTENING: the base zero rate curve is tilted up at start of the
curve and down at the end of the curve;
STEEPENER: the base zero rate curve is tilted down at start of the
curve and up at the end of the curve;
The details on the rule to create the zero rate curves in the FLATTENING
and STEEPENING scenarios are described in the BIS document [14].
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Economic Value
Down Up Flattening Steepening
Cluster CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas.
NFC&PH > 250.000 -7.40% -7.78% 5.31% 5.33% -1.84% -1.97% 2.40% 2.28%
NFC&PH 50.000 - 250.000 -24.38% -30.09% 9.34% 12.09% -6.07% -5.41% 5.56% 6.68%
NFC&PH 10.000 - 50.000 -22.44% -22.44% 10.76% 10.76% -5.22% -5.22% 5.64% 5.64%
NFC&PH < 10.000 Euros -19.11% -19.71% 13.67% 14.12% -4.04% -3.96% 5.93% 6.07%
CH,NSH&UI > 250.000 -33.59% -65.48% 7.57% 16.58% -7.85% -10.05% 3.41% 8.71%
CH,NSH&UI 50.000 - 250.000 -37.33% -53.64% 10.01% 17.36% -9.85% -9.15% 5.64% 9.47%
CH,NSH&UI 10.000 - 50.000 -21.65% -22.22% 14.34% 15.56% -4.93% -4.53% 5.90% 6.51%
CH,NSH&UI < 10.000 Euros -19.36% -19.87% 14.30% 15.01% -3.95% -3.86% 5.56% 5.98%
Table: Economic value for clusters of depositors. Differences between the value
taken in the stressed scenario and the average value take in the base rate
scenario.
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Value of the Liability
Down Up Flattening Steepening
Cluster CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas.
NFC&PH > 250.000 -7.85% -8.15% 5.91% 5.95% -1.36% -1.45% 2.08% 2.02%
NFC&PH 50.000 - 250.000 -24.82% -30.41% 9.90% 12.59% -5.59% -4.95% 5.23% 6.33%
NFC&PH 10.000 - 50.000 -22.89% -22.89% 11.31% 11.31% -4.75% -4.75% 5.31% 5.31%
NFC&PH < 10.000 Euros -19.57% -20.16% 14.23% 14.66% -3.57% -3.50% 5.60% 5.73%
CH,NSH&UI > 250.000 -34.01% -65.64% 8.12% 17.08% -7.37% -9.56% 3.07% 8.35%
CH,NSH&UI 50.000 - 250.000 -37.75% -53.90% 10.57% 17.86% -9.37% -8.68% 5.31% 9.11%
CH,NSH&UI 10.000 - 50.000 -22.11% -22.67% 14.92% 16.11% -4.46% -4.08% 5.57% 6.17%
CH,NSH&UI < 10.000 Euros -19.82% -20.32% 14.87% 15.56% -3.48% -3.41% 5.22% 5.64%
Table: Value of the liability for clusters of depositors. Differences between the
value taken in the stressed scenario and the average value take in the base rate
scenario.
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Zero Rate Floor
Down Up Flattening Steepening
Cluster CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas.
NFC&PH > 250.000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NFC&PH 50.000 - 250.000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NFC&PH 10.000 - 50.000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NFC&PH < 10.000 Euros 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
CH,NSH&UI > 250.000 -17.21% -46.80% 0.04% 7.38% -3.69% -6.44% -0.30% 4.44%
CH,NSH&UI 50.000 - 250.000 -11.32% -22.11% 0.08% 4.16% -2.81% -3.07% -0.18% 2.43%
CH,NSH&UI 10.000 - 50.000 -3.37% -3.59% 0.05% 0.99% -0.92% -0.54% -0.11% 0.43%
CH,NSH&UI < 10.000 Euros -2.27% -2.49% 0.04% 0.68% -0.60% -0.35% -0.09% 0.27%
Table: Zero rate floor sold by the bank for clusters of depositors. Differences
between the value taken in the stressed scenario and the average value take in
the base rate scenario.
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Duration
Down Up Flattening Steepening
Cluster CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas.
NFC&PH > 250.000 1.65 1.66 - 1.51 - 1.53 0.12 0.09 - 0.32 - 0.32
NFC&PH 50.000 - 250.000 4.79 4.58 - 3.91 - 3.92 0.11 0.05 - 0.79 - 0.69
NFC&PH 10.000 - 50.000 2.88 2.88 - 2.55 - 2.55 0.00 0.00 - 0.42 - 0.42
NFC&PH < 10.000 Euros 0.68 0.70 - 0.74 - 0.74 - 0.06 - 0.04 - 0.07 - 0.06
CH,NSH&UI > 250.000 5.57 4.62 - 3.46 - 3.69 0.85 0.58 - 0.97 - 1.01
CH,NSH&UI 50.000 - 250.000 4.57 3.96 - 4.19 - 4.08 0.33 0.20 - 1.00 - 0.93
CH,NSH&UI 10.000 - 50.000 0.18 0.20 - 0.30 - 0.28 - 0.04 - 0.03 - 0.02 - 0.01
CH,NSH&UI < 10.000 Euros 0.15 0.13 - 0.07 - 0.10 0.00 - 0.02 0.03 0.01
Table: Duration for clusters of depositors. Differences between the value taken
in the stressed scenario and the average value take in the base rate scenario.
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Weighted Average Life
Down Up Flattening Steepening
Cluster CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas.
NFC&PH > 250.000 0.93 0.92 - 0.83 - 0.85 0.15 0.12 - 0.24 - 0.25
NFC&PH 50.000 - 250.000 6.02 6.54 - 3.61 - 3.97 0.61 0.48 - 0.98 - 1.06
NFC&PH 10.000 - 50.000 3.38 3.38 - 2.29 - 2.29 0.24 0.24 - 0.52 - 0.52
NFC&PH < 10.000 Euros 0.68 0.71 - 0.62 - 0.62 - 0.02 0.00 - 0.09 - 0.08
CH,NSH&UI > 250.000 8.87 11.82 - 3.30 - 4.73 1.61 1.64 - 1.10 - 1.84
CH,NSH&UI 50.000 - 250.000 8.05 9.03 - 4.10 - 4.94 1.18 0.84 - 1.35 - 1.77
CH,NSH&UI 10.000 - 50.000 0.33 0.32 - 0.18 - 0.20 0.05 0.03 - 0.03 - 0.04
CH,NSH&UI < 10.000 Euros 0.10 0.08 0.07 0.02 0.01 - 0.02 0.06 0.04
Table: Weighted average life for clusters of depositors. Differences between the
value taken in the stressed scenario and the average value take in the base rate
scenario.
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Term Structure of Liquidity
Down Up Flattening Steepening
Cluster TSL CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas. CIR + + Ext. Vas.
NFC&PH 1Y 0.36% 0.39% -0.41% -0.44% -0.26% -0.26% 0.20% 0.21%
> 250.000 5Y 0.66% 0.69% -0.87% -0.88% -0.31% -0.29% 0.14% 0.17%
10Y 0.85% 0.86% -1.06% -1.11% -0.23% -0.23% 0.06% 0.07%
NFC&PH 1Y 0.14% 0.12% -0.13% -0.14% -0.08% -0.08% 0.06% 0.06%
50.000 - 250.000 5Y 1.35% 1.92% -6.80% -6.93% -1.04% -0.59% -0.10% -0.16%
10Y 5.08% 7.71% -18.56% -17.80% -0.81% 1.76% -3.64% -4.68%
NFC&PH 1Y 0.08% 0.10% -0.09% -0.07% -0.07% -0.06% 0.07% 0.05%
10.000 - 50.000 5Y 1.79% 2.38% -7.27% -7.39% -1.22% -0.82% -0.03% -0.11%
10Y 6.55% 9.03% -19.77% -18.35% -0.67% 1.81% -4.40% -5.17%
NFC&PH 1Y -1.15% -1.14% 0.34% 0.46% 0.27% 0.35% -0.51% -0.50%
< 10.000 5Y -0.12% -0.01% -1.69% -1.47% -0.71% -0.53% -0.01% 0.05%
10Y 1.93% 2.72% -7.14% -6.67% -0.59% 0.32% -1.47% -1.64%
CH,NSH&UI 1Y 6.52% 7.46% -13.92% -13.56% -8.76% -8.23% 4.32% 4.67%
> 250.000 5Y 9.97% 11.32% -16.68% -15.46% -6.87% -5.24% 0.98% 0.70%
10Y 12.73% 14.15% -18.35% -16.69% -5.20% -2.84% -1.42% -1.87%
CH,NSH&UI 1Y 9.52% 10.04% -9.86% -9.93% -6.79% -6.68% 5.40% 5.36%
50.000 - 250.000 5Y 11.61% 12.35% -13.56% -13.45% -5.94% -5.29% 3.24% 2.72%
10Y 14.43% 15.65% -18.13% -17.56% -4.76% -3.03% 0.27% -0.90%
CH,NSH&UI 1Y 0.45% 0.46% -0.35% -0.33% -0.21% -0.18% 0.22% 0.27%
10.000 - 50.000 5Y 0.85% 0.83% -0.57% -0.60% -0.12% -0.17% 0.16% 0.18%
10Y 1.25% 1.24% -0.86% -0.90% 0.01% -0.01% 0.01% 0.01%
CH,NSH&UI 1Y -0.03% -0.18% 1.71% 1.52% 1.10% 0.95% -0.09% -0.20%
< 10.000 Euros 5Y 0.68% 0.30% 1.21% 0.73% 0.03% -0.26% 0.63% 0.33%
10Y 1.18% 1.06% -0.18% -0.65% -0.04% -0.32% 0.50% 0.09%
Term structure of liquidity for clusters of depositors. Differences between the value taken in the
stressed scenario and the average value take in the base rate scenario.
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Conclusion
We have presented a framework to create a toolkit for Supervisors to
benchmark the profitability and the risk of sight deposit of a bank with
respect to the banking industry of a given economic system.
The framework enhances the deposit modelling, commonly adopted within
banks, in many respects:
1 it allows for an integrated modelling of the market interest rates,
creditworthiness of the bank and evolution of the deposits’ volume;
2 it is based on stochastic risk factors, thus being similar to the
approaches used to evaluate the most complex derivatives;
3 interest rate risk and liquidity risk can be measured and monitored in
a unified and consistent fashion;
4 it explicitly allows for negative interest rates, both at inception and
in the future; v) it allows for the evaluation of optionalities such as
the zero floor on the deposits rates;
5 it can be used for IRRBB stress testing purposes.
The integrated and holistic feature of the approach allow Supervisors to
effectively challenge the risk management of non maturing deposits by a
bank.
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